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Earth’s Freshwater Resources

m 97% of Earth's water
exists as salt water

m Of the remaining
water (3%):

= 69.6% glaciers,
permafrost, and snow

s 30.1% subsurface water

= <1% rivers, lakes,
swamps, wetlands,
atmosphere
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Moisture over land
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Every drop of water on
Earth used to be urine —
and 99.9 percent of it was
once dinosaur pee-pee!

That's the fascinating finding of
U.8. researcher Dr. Milton R. Grill-
ingham, who says animals have
drunk and fouled our water supply
since life began.

“There's just oo getting around it —
every drop of water you drink has been

RTH'S WATER SUPPLY CAME

W hae been drunk before — and that most
aiv of it has been drunk many times.

passed as urine,” the

New York City scien-

tist told reporters.
“and the overwhelming
majority of water on

the planet has passed Dr Milton R

through one of the ding- Grillingham
saurs that roamed the Earth millions of

years ago.

“When you realize that one pit stop
by a brontosaurus could take 50 min-
utes and fill a small, in-ground swim-
ming peol, that's not too hard to under-
stand.”

Dr. Grillingham's research confirms
the findings of South African research-
er Dr. Robert Johns, who used complex
mathematical formulas and computer
models to determine that all our water

“The dinosaurs did most of the dam-

% age early on, but now humans &re cer-
¢ tainly fouling up their fair share” the

Cape Town regearcher stated. "The av-
erage human being produces one gallon
of urine a day and with five billion peo-
ple on this planet, that can really add
L.

E:I“".f'h.ti: bottom line is that our water
isn't as pure as we like to think”

But experts in the United States say
the fact that all our water was onge
urine doesn't mean it's not safe to drink.

“People in more backward countries
might have reason to worry, but in this
country our water supply 15 tested regu-
larly and for the most part has been
found =safe — whether it was once dino-
saur urine or not," said one American
health official.




Water Resources

“We forget that the water cycle
and the life cycle are one”

- Jacques Cousteau




The Nature of Underground

St face water

12D ey S B e e
PRI = Ly = Il = B - IO
g B - ‘:'I::!' T e I - 1 “:'I::!' o

Water [not ground water) held by melecular attraction Gravel
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All epenings below water takle
full of ground water




The Subsurface Can Be
Divided Into Two Zones

= The Unsaturated
Zohe

The Saturated
Zohe




The Water Table

Saturated zone*
(groundwater) s

..The boundary
between the
unsaturated

(aerated) and

saturated zone




The Unsaturated Zone

Zone between the land surface
and the water table.

Subsurface material has pore
spaces between grains.

In the unsaturated zone these
pore spaces are occupied by
both air and water.




Saturated Zone

Zone underneath the water
table

All pore spaces are filled
completely with water

The water flows both
horizontally and vertically

This is groundwater




Groundwater




16.1 The Nature of Underground

m Aquifer
m Aquiclude

B Perched water

table
B Springs




Groundwater

6roundwater is present in
the pores and fractures in
geologic formations

("Aquifers”) below the land .\,{t\‘i‘ J

surface - NOT RIVERS.

Precipitation is the source
of groundwater recharge.

A |

Groundwater moves through
the pores and fractures in |
geologic formations toward
surface water, other
watersheds, or pumping
wells.
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Important Concepts

Hydrologic Cycle
Aquifers
Hydraulic Conductivity
Hydraulic Head
Hydraulic 6radient
Drawdown
Capture




Aquifers

m Definition: A
geological unit
which can store
and supply
significant
quantities of
water.

= Depends on local
geology.




GW Flow Through Pores




Michigan Aquifers

" Glacial (a.k.a. ‘glacial drift")
- Sand and Gravel

" Bedrock (a.k.a. 'rock’)

- Sandstone
- Limestone and/or Dolomite
- Igneous & Metamorphic (Western U.P.)




Vulnerability




Michigan Bedrock Geology




Canada
Georgian
Bay

-
B>
-

O

@)
V)

n

n

o

I
O
-

of Michigan
GlacPotable
Depogiiwy

Lower Peninsula

Hydrogeolog
Lake
Michigan

iIsconsin

W




v
&
Y

=

Bedrock Aqu




Michigan
Bedrock

Aquifers

\\Goodll
- “"Marginal
Sedimentary”
- “Marginal
Crystalline”

"Not an
Aquifer”

* Saline

GW/Brine
at depth
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GLACIAL DRIFT THICKNESS _
Mid- Mlchlgan- ' |

Glacial Thickness
(feet)

- Exposed bedrock
0-25




Michigan

Glacial

o T e Sl Drift
o . P Aquifers

“GOOd”

- “Unconfined

aquifer overlying
bedrock - limited
data”

- “Thin overlying
bedrock”

"Not an
Aquifer”






Groundwater Utilization

[ Ar'TlfICIGI openings e Wells
dug or drilled below WP P
the water table to
extract water

= drawdown of water
table

= cone of depression




DRILLED WELL COMPONENTS

WELL CAP or
SEAL

BOREHOLE

CASING

GROUT
N T U —_— e~

OPEN HOLE IN NO CASING

BEDROCK IN'ROCK
AQUIFER BOREHOLE




DRILLED WELL COMPONENTS

WELL CAP or
SEAL

BOREHOLE

CASING

GROUT

SCREEN







TYPICAL SCREEMED
WATER WELL
CROS5S5 SECTION

WEWNTED CAP

TOPRESSURE TANK

AHD HOUSE

FITLESS SDAPTOR

WATER LEVEL

ODROP FIPE

sUBMER SIBLE
FUKP

CAEING

SCREEN




Important Concepts

o Hydrologic Cycle
o Aquifers
o Hydraulic Conductivity
o Head
o Gradient
o Drawdown
0 COPTUFC




Hydraulic
Conductivity

" a.k.a. "Permeability”

" Measure of rate at
which water can move
through aquifer material

" Wide range in values
due to number and size
of pores and fractures
and how well they are
connected




HYDRAULIC CONDUCTIVITY
RANGE

Unfractured Fractured
Rock Rock

Silty Sand Fine Sand Coarse Sand

Clay Gravel
Shale

T ———
Low High




Sources of Hydraulic
Conductivity (K) Data

= Site specific aquifer tests

= Estimated from well capacity data in
WELLOGIC

m Use estimates based on sediment
descriptions from well log records




K from Site
Information/Tests

e
# Well no. 137

Well no. 91

Depth to water keved, in feet

\\L._:b Pump stopped
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Well 10 23200010442

WATER WELL AND PUMP RECORD

Complation |5 required untar suthorty of Fan 127 Acl 363 PA 1973,

Fallure 1o comply i 3 misgemaancr

T No | Permilt No: 2003723

| county: Eaton | Township- Oralia

Frachion: Section. [TowniRangs: [WSEN:
Yt t 14 0

Sourca IDNWed] Mo:
M LW

Elevation:

Well ID: 23000010440 [, 2o on o wameeion T s o s ey

Well Owner. Grand Ledge Health Fare

Latiude: 42 73581
Longhude: -34 7412

Well Address:
11853 Zrand Laoge
Grand Ledge M 28527

11852 Zrand Lasge Hwy

Owner AgOresa:
Grand Ledge M 28337

Driling Mefhod: Rolany

Pump inetalled. Yeg Pump Instailation only, o

Well Depih 18500 1t ['Wiell Uea_ Housshalo

Pump Instaistion date: HP: 100

Well Typa: New | Date Completas:; 271272007

Caslng - 3%ee - gavanized
Casing Joint: Threaded & coupled
Diamater: 4.00 in. %0 80.00 . dzpih

ter 10 356 In to 13500 . dapih
ore Dlamater 2
Bore Dlamater 3
Helght 100 t. acovs grace
Casing Fifing: Ciitve ghos

Manufacturar. Agqualuly FPump Type: Submersibie
Mol Humber: TIMA15P20 Pump Capaclty: 20,00 GPM
Length of Drop Pips: 5000 1 B o Wdl:

Dlamatar of Drop Plps: 1.00 In.

Craw Down Saal Uasd: Mo

Pragaure Tank Inetsiled: vas
Praasure Tank Typs: Dlzpnragmbiadder
nuracturar, Wes-x-Trol
| Humber - Wx302
P ure Raliaf Vahea Instalted - ¥Yes

Tank Capacity 85 Gallans

Static Water Lewel; 30.00 T Below Grads{Nat Frawing|
‘figid Tast Mathod: 2lunger

Measurament Taken During Pump Teat

5000 f.afier 1.00 Are. pumping at 20.00 GPM

Abandonsd Well Plugged: Mo
Reazon for nof plugging Well:

Abandoned wedl D

Formation Description | Thicxngss | Depin to

Eotiom
iy 10.00
[Ciay & Grillel 20,00
{Sray Snak Zandsizne Z3.00
Black Sh | 15.00
Ane 5 sane & Shale 115.03

Scroen insfaliad: Mo ‘Wall Intake: Badroos Wet
Filtar Packed:
Scrasn Mametar: Length:

raan Material Typs:

Blank
Fittinge:

Wall Grouted: ves Grouting Mathoa: Ciner
No. of Bags: S additrves; Sinsr
Grouting Matarials:

Beatonite ory grarular From 9.00 1t i E0.03

‘Weill Head Complaetion 12 inches above grade, Pliess anapher

Geology Remarks:

Contractor Type: Water wall 21ling conwracte
Regiatration Number: 2246

Mearsst gourcs of posaitie contamination:
Typa Distance Diraction
Seweridnz 70.00 1. East

Business Hama: Johnsar Wes Crifing
Suginess Addresg. 13577 Stale Rd. Grand Ledge. Ml 435837

WATER WELL CONTRACTOR'S CERTIFICATION:
This wel ‘was drilled unger iy sUpervision and this regort 65 true 1o the best of
my knowleage and belief,

Driiling Machine Oparator Name: Laknowen
Emplaymant. Employes

Signature of Reglsierad Contractor Date

‘eneral Remarks: WeSh#I00a723 Source | DF 001 THES IS JUST

A ESTAMITE OF THE WELL FOR 11553 GRANDLEDGE HwWY

OTHER REMARKS _Grouting Mathod urkrowsn Addlives: unknomen

B AT ) [ ATTENTION WELL OWNER: FILE WITH DEED | SRR 4 20
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Well 10 23200010442

WATER WELL AND PUMP RECORD

Complation |5 required untar suthorty of Fan 127 Acl 363 PA 1973,

Fallure 1o comply i 3 misgemaancr

T No | Permilt No: 2003723

| county: Eaton | Township- Oralia

Fraction- Saction: |TD'MIIRE B |W53H1 Sourca IDNWed] Mo:
] 4 e

M LW

Elevation:

Well ID: 23000010440 [, 2o on o wameeion T s o s ey

Well Owner. Grand Ledge Health Fare

Longhude: -34 7412

Latibude: 42 73581 Wil Address:
11853 Zrand Laoge
Grand Ledge M 28527

11852 Zrand Lasge Hwy

Owner AgOresa:
Grand Ledge M 28337

Driling Mefhod: Rolany

Pump inetalled. Yeg Pump Instailation only, o

Well Depih 18500 1t ['Wiell Uea_ Housshalo

Pump Instaistion date: HP: 100

Well Typa: New | Date Completas:; 271272007

Caslng - 3%ee - gavanized
Casing Joint: Threaded & coupled
Diamater: 4.00 in. %0 80.00 . dzpih

Bore Dlamatsr 1- 338 In. fo 13500 K. depth
Bore Dlamater 2

Bore Dlamater 3

Helght 100 t. acovs grace

Casing Fifing: Ciitve ghos

Manufachurar Agualuty Pump Type: Submmiersibis

Mooal Number: T1MA1EF20 Pump Capacity: 20.00 SPM

Length of Drop Pips: 5000 1 B of Wedl:

Dlamater of Drop Plps: 1.00 .

Draw Down Segl Uaed: B

Prasaure T 25

Pra nk Type: Disohragrvbiadder
uracturar Wes-x-Trol

Mooal Number - Wx202

Prassure Raliaf Vaha Installad © Yes

Tank Capaclty (85 G

Static Water Lewel; 30.00 T Below Grads{Nat Frawing|
‘figid Tast Mathod: 2lunger

Measurament Taken During Pump Teat

5000 f.afier 1.00 Are. pumping at 20.00 GPM

Abandonsd Well Plugged: Mo
Reazon for nof plugging Well:

Abandoned wedl D

Formatlon Description | Thlcknasa Egnp%rfna
Iiay 10.00
[Cay & Gravel 20,00
iSray Shake & Sandsione Z3.00
Black Shale | 15.00
Witz Sangstone & Shale 115.00

Scroen insfaliad: Mo
Filtar Packed:
Scrasn Mametar: Length:
Scrasn Matarial Typs:

Slot:

Blank

Fittinge:

‘Wall Intake: Badroos ¥

Wwell Grouted: ves  Grouting Mathod: Oiher

No. of Bage: & additives, Oinar
Grouting Matarials:
Beatonite ory grarular From 9.00 1t i E0.03

‘Weill Head Complaetion 12 inches above grade, Pliess anapher

Geology Remarks:

Contractor Type: Water wall 21ling conwracte
Regiatration Number: 2246

Mearsst gourcs of posaitie contamination:
Typa Distance Diraction
Seweridnz 70.00 1. East

Business Hama: Johnsar Wes Crifing
Suginess Addresg. 13577 Stale Rd. Grand Ledge. Ml 435837

WATER WELL CONTRACTOR'S CERTIFICATION:
This well was drilled unger my supenvision ard tnis report s true 1o the besl ol

Driiling Machine Oparator Name: Laknowen
Emplaymant. Employes

my knowleage and belief,

Signature of Reglsierad Contractor Date

‘eneral Remarks: WeSh#I00a723 Source | DF 001 THES IS JUST

A ESTAMITE OF THE WELL FOR 11553 GRANDLEDGE HwWY

OTHER REMARKS _Grouting Mathod urkrowsn Addlives: unknomen

B AT ) [ ATTENTION WELL OWNER: FILE WITH DEED | SRR 4 20




Important Concepts

- Hydrologic Cycle
- Aquifers
- Hydraulic Conductivity
- Head
- Gradient
- Drawdown
- Capture




GW Flow Direction

= GW wants to move from a point of high
hydraulic head (elevation) to low hydraulic
head (elevation) in the

direction of steepest

hydraulic gradient...
IMPORTANT CONCEPT

= Hydraulic Head ("6W Elevation”)

= Hydraulic 6radient ("Slope™)




Hydraulic Head

Land
Surface
Elevation

(LSE)

~ Depth to water

(a.k.a. static water
level or "SWL")

Hydraulic Head =
LSE - SWL




WATER WELL AND PUMP RECORD

Coompiatson 15 remuied nder sulorty of Fat 127 At 308 A 1978
Fadumg (o S0mgey 18 8 Mg
| Gy~ Eaton
Fraction Gection. | Towrsarge. [French Clm [ WaSH
HE BN KA. | mH oy | e

Well ID: i

Elesaton: #2811
Etibude £ 02487

o
i : i & Chwi i Addeli e,

VERMOHTVILLE WELL I S00UTH
VRSN TVILLE W1 WEBMONTVILLE b

] i - sty ;

;o [YRENp— Purrp Capacity: 120.00 GPW
- Langih of Drop Pips’ 520 4 1o ol Vel
) : D arnmlir of Deog Ppa

Dvam Diown Seal Used Ho
Protsune Tark Instalisd. Ho
Fressune Tank Typs:
Buridaciims

Y ([ J
i Bhcaddel Mo ©
re Preusurs Rislin! Vaive Irstallsd - No
Bastic Wisiat Lovel. 5500 R Bubow Gradeiiel Frming) Foamation Qescription

Tt Miethezed Lrirerar

Sy Sancy Vo tonm
Gray Ciay Sandy

come from? —— E=s

dhardored wall 10;

Scree Indnied. Y il irann
Filber Packed b

Screer Ditereter: 500 0 Lengity D00 A
Boreen Maverinl Typs

Jot 0.00. &, Gal Batwssn 000 B nd D00 R
Blank’ 000 % Abos

Faings

Mo

Vool Grouted Mo Orouting Bethsd
. of Bags AddEves nmw Rarmarkn. T [SANDY CLAY, STONES] IS [55] T [SAMDY GRAY
dhrestivg Materialy LA 29198 A [SANDY CLAY, STOMY][148] [44] 4 .5,._."_-“.¢ B,

r-l':lt'\-'||l_d|r'|2| ESAND, MUK {1825 [7] & [SAND] [SBOIF154T :...Aup-f
CLAYELIB3TI3]

Wael Mead Complation 13 inchark afgww grace. Ol

Masrsul BoUcs of Bt §ont Mranaet inn:
Typs Dimars Dasotion
hons WATER WELL CONTRACTOR S CERTIFICATION

Thit wall was dnlied under ry [UeSdion and Th o n i o Sest of
¥ Incwheige araf Sal el

Sigratura of Regiararet Pag shard v =L

Drdling MacPire Opirndd Nama
Engdaymert Linknosn

Garseral Romars. CREGTIAL WELLIDE WG 28007, LOGATED I S0F PR, DRILLED 10 153 BUT PROBABLY FIFISHED AT 160 WELL GEAL
REEDE MPROVEMENT, NEEDS CATING WENT, ALRE PCNER: GENERATOR W SOUTH WELL HOUSE, MDPH WELL MUMBER 4701 HOLE
CRELLED
DTHER REMARRE Dvilieng Motiwd Ceieng Withod onindan Wasll Head Compietion. 13 ioh Acwe Grada Pumg Marmdaciuess, fump
Pars facturer urimesn

PRI [_ATTENTION WELL OWNER: FILE WiTH DEED | B
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Ground Surface Elevation
and Location

well ID: 23000000102

Permit Mo

Well ID: 23000000102

=eyation: B2 f
Latitude: 42 62432
Longiude: -85 02650




Static Water Level (SWL)

Static Water Level: 22.00 ft. SB=low Grade Mot Flowng)
Yield Test Method: Unknown
Measurement Taken During Fump Test:

Ground Surface - SWL = Head ft AMSL

Example: 929 - 85 = 844 ft AMSL




Important Concepts

+ Hydrologic Cycle
+ Aquifers
+ Hydraulic Conductivity
+Head
+ Gradient
= Drawdown
+» Capture




Heads and Hydraulic Gradient

Land Surface

. Hydraulic Hydraulic
Hydraulic Head, Head,
Head, Hydraulic
Mo Head,
GW Flow
—_—

Elevation Datum - Sea Level




Hydraulic
Head,

Gradient

Land Surface

Hydraulic Hydraulic
Head, o Head,

Distance

Elevation Datum - Sea Level

Hydraulic
Head,




Groundwater Movement




Land Surface - 6Gradients and Divides
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GW Elevation Surface - 6radients and
Divides
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Cannon Twp - water table map with GW
flow directions




Important Concepts

Hydrologic Cycle
Aquifers
Hydraulic Conductivity
Head
Gradient
Drawdown
Capture




Drawdown from pumping




Important Concepts

Hydrologic Cycle
Aquifers
Hydraulic Conductivity
Head
Gradient
Drawdown
Capture




Capture

" Capture - GW within Aquifer that
flows toward and is removed by
pumping well.

" Extent of Capture NOT THE SAME
as Extent of Drawdown.

*ANOTHER IMPORTANT CONCEPT™




xtent of Capture vs Drawdown
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Wellhead Protection Area
= WHPA = Area of
Captured | GW _
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Wellhead Protection

ﬁ

HELPING TO
PROTECT YOUR
DRINKING WATER

g

You Are Now Entering

WELLHEAD
PROTECTION AREA




Questions ??7?




